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[57] ABSTRACT 
An apparatus for detecting an overcurrent ?owing in a 
power element comprises a sampling resistor, a detector 
resistor, a reference resistor, a reference potential gen 
erator, and a comparator. The sampling resistor gener 
ates a sampling potential according to a current ?owing 
in the power element. The detector resistor generates a 
reference potential. The reference resistor retains a 
constant resistance ratio relative to the sampling resis 
tor. The reference potential generator alters the refer 
ence potential in accordance with a current flowing 
across the reference resistor. The comparator compares 
the sampling potential with the reference potential to 
thereby detect an overcurrent in the power element. 

9 Claims, 2 Drawing Sheets 
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OVERCURRENT DETECTING APPARATUS 

This application claims priority of Japanese Patent 
Application No. 2-160291 ?led on Jun. 18, 1990, which 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to an overcur 

rent detecting apparatus. More speci?cally, the present 
invention pertains to an apparatus for detecting an over 
current in a power element. 

2. Description of the Related Art 
An apparatus as shown in FIG. 2 is generally used to 

detect an overcurrent in a semiconductor device. The 
semiconductor device is provided with an output cir 
cuit 31 and a detecting circuit 32. In the output circuit 
31, a current 10 is divided into a current I] and a cur 
rent I2 in a certain ratio at power transistors 33 and 34. 
The detecting circuit 32 is provided to detect an 

overcurrent in the power transistor 33 of output circuit 
31. A comparator 36 is provided in the detecting circuit 
32 to monitor a reference potential applied from a junc 
tion 40 between a pair of resistors 38 and 39. The com 
parator 36 compares the reference potential to the volt 
age of a junction 37 located between the power transis 
tor 33 and a current sampling resistor 35. This judges 
excessive potentials in the power transistor 33, thereby 
detecting an overcurrent in the output circuit 31. 
The reference potential at the junction 40 in the de 

tecting circuit 32 is, however, relatively high and deter 
mined by the relative accuracy of the resistors 38 and 39 
which vary in accordance with the characteristics of 
the semiconductor device. Similarly, in order to pro 
vide a reliable signal to the comparator, the resistance of 
sampling resistor 35 in the output circuit 31 must be 
very stable. However, in practice, production errors 
and/or the temperature characteristics in the semicon 
ductor device tend to vary the resistance of the sam 
pling resistor 35. As a result, the potential generated at 
the junction 37 in the output circuit 31 also varies. 
Therefore variations in the potentials at junctions 37 
and 40 can lead to false detections of overcurrents and 
/or the failure to detect overcurrents. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an overcurrent detecting apparatus capable of 
detecting an overcurrent in a power element with high 
accuracy, unaffected by production errors or tempera 
ture characteristics of the device. 
To achieve the above object, an overcurrent detect 

ing apparatus according to the present invention is de 
signed as follows. A sampling resistor is provided to 
generate a sampling potential according to a current 
flowing in a power element, and a detector resistor is 
provided in a reference potential generator to generate 
a reference potential. Further, a ?rst circuit maintaining 
a relative ratio includes a ?rst reference resistor for 
maintaining a relative resistance ratio to a detector resis 
tor, while a second circuit maintaining a relative ratio 
includes a second reference resistor for maintaining a 
relative resistance ratio to the sampling resistor. First 
and second current circuits are designed to maintain a 
predetermined relationship among.the values of cur 
rents in a reference potential generator, said ?rst circuit 
maintaining a relative ratio, and second circuit holding 
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2 
a relative ratio, and maintain the relative ratio of the 
sampling potential to the reference potential. A compar 
ator is also provided to compare the sampling potential 
with the reference potential. The overcurrent detecting 
apparatus detects an overcurrent in the power element 
based on the result of the comparison. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram illustrating an overcurrent 
detecting apparatus according to one embodiment of 
the present invention; and 
FIG. 2 is a circuit diagram illustrating a conventional 

overcurrent detecting apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

A preferred embodiment of the present invention as 
applied to a semiconductor device will now be de 
scribed referring to the accompanying drawings. 
The semiconductor device has an output circuit 1 and 

a detecting circuit 2 which are formed on a chip. The 
output circuit 1 is con?gured into a multi-source multi 
gate type by a pair of NPN power transistors 3 and 4 
connected to each other through a common connector. 
The ?rst power transistor 3 is connected to a ground 6 
via a sampling resistor 5 (having a resistance of “r1”) for 
sampling the current in the power transistor 3. The 
second power transistor 4 is connected directly to 
ground 6. One end of a ?rst reference resistor 7 (having 
a resistance of “r2”) is also connected to the ground 6. 
The ?rst reference resistor 7 is located in close proxim 
ity to the sampling resistor 5. This insures that the tem 
perature and production characteristics of reference the 
resistor and the sampling resistor will be substantially 
the same. Thus, the relative ratio of the resistances of 
the sampling resistor 5 and the reference resistor 7 will 
remain constant despite the occurrence of production 
variances and temperature changes. For the purposes of 
this application, two resistors are said to have a constant 
relative resistance ratio if the ratio of their actual resis 
tance remains constant despite the occurrence of tem 
perature variations and production errors. 
A comparator 8 is provided in the detecting circuit 2. 

One input terminal of comparator 8 is connected to a 
junction 10 between the power transistor 3 and the 
sampling resistor 5. 

In the detecting circuit 2, PNP transistors 13 and 14 
have their emitters connected to a source 9 via a pair of 
resistors 11 and 12 (each having a resistance of “R”), 
respectively, and their bases are connected together. 
The collector of the transistor 14 is connected to a 
junction 15 between the bases, thus constituting a ?rst 
current circuit 16. 

In the ?rst current circuit 16, the collector of the 
transistor 13 is connected to the ground 6 via a detector 
resistor 17 (having a resistance of “R2”). The detector 
resistor 17 is designed to generate a reference potential 
from a predetermined current load flowing in the tran 
sistor 13. A junction 18 between the transistor 13 and 
the detector resistor 17 is connected to a second input 
terminal of the comparator 8. 
The transistor 14 in the ?rst current circuit 16 has its 

collector connected to the collector of another NPN 
transistor 19. This transistor 19 has its base connected to 
the base of an adjoining NPN transistor 20 whose col» 
lector is connected to a junction 21 between both bases, 
thus constituting a second current circuit 22. 
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The transistor 19 in the second current circuit 22 has 
its emitter connected to the ground 6 via a second refer 
ence resistor 23 (having a resistance of “R1”). The sec 
ond reference resistor is located in close proximity to 
the detector resistor 17. Thus it maintains a constant 
relative resistance ratio with respect to the detector 
resistor 17. The transistor 20 in the second current cir 
cuit 22 has its collector connected to the source 9 via a 
constant-current circuit 24 while a terminal 25 on the 
emitter side of the transistor 20 is connected to a termi 
nal 26 from the ?rst reference resistor 7 in the output 
circuit 1. 
According to this embodiment, in the output circuit 

1, the sampling resistor 5 and the ?rst reference resistor 
7, (both connected to the ground 6), are disposed in 
close proximity to each other. Similarly, in the detector 
circuit 2 the detector resistor 17 and the second refer 
ence resistor 23, (both connected to the ground 6), are 
also disposed in close proximity to each other. 

In the second current circuit 22, a current 13 ?owing 
in the transistor 20 and a current 14 ?owing in the tran 
sistor 19 have the relationship expressed by the equation 
(1) below: 

The comparator 8 is designed to operate when a 
potential E2 generated by the sampling resistor 5 equals 
the reference potential El determined by the detector 
resistor 17. 
A current 10 ?owing in the output circuit 1 is divided 

into a current 11 and a current I2 in a certain ratio at the 
power transistors 3 and 4 respectively. At this time, the 
comparator 8 detects the potential E2 generated at the 
junction 10, which equals “llxrl”. Likewise, when a 
current I5 ?ows in the detector resistor 17, the compar 
ator 8 detects the reference potential E1 at the junction 
18 in the detector circuit 2, which equals “ISXRZ”. 
Then, the comparator 8 compares the potential E2 with 
the reference potential E1 to determine whether an 
overcurrent has occurred in the current 11 in the power 
transistor 3. That is, if the potential E2 is equal to or 
exceeds the potential E1, the comparator outputs an 
overcurrent signal. The output of the comparator is 
connected to an output terminal 8a. 

In the ?rst current circuit 16, the current I4 in the 
transistor 14 equals the current IS in the transistor 13 
because the resistors 12 and 11 have the same resistance 
of R. Due to this fact and the relationship expressed by 
the equation (1), the following ratios can be assumed. 

l3zl4=l3zlS=Rlzr2 

Thus, the following equation (2) is established: 

15=(r2/R1)><13 (2) 

When the current ~I0 ?ows in the output circuit 1, the 
reference potential E1 at the junction 18 can be calcu 
lated from the equation below: 

Substituting the equation (2) for 15 in the above equa 
tion yields: 
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4 
Meanwhile, the potential E2 at the junction 10 can be 
calculated from the equation below: 

Assume now that the resistance r1 of the sampling resis 
tor 5 becomes “a” times its target value due to a pro 
duction error or temperature characteristics in the semi 
conductor device. Because the sampling resistor 5 and 
the ?rst reference resistor 7 are disposed in close prox 
imity to one another, they have a constant relative resis 
tance ratio. Thus, the resistance r2 of the ?rst reference 
resistor 7 will become “0.” times its target value. Like 
wise, the resistances R1 and R2 of the second reference 
resistor 23 and the detector resistor 17 respectively will 
become “[3” times their target values because the sec 
ond reference resistor 23 and the detector resistor 17 are 
disposed in close proximity to each other. 

Then, the reference potential E1 at the junction 18 is 
as expressed below: 

E1 = (a’rZ/B-RI) x 13 x B-RZ 

= a x (r2/Rl) >< I3 >< R2 

Further, the potential E2 at the junction 10 is repre 
sented by: 

1:? = 11 X a - r1 

= a. X I] X r1 

It is apparent from the above two equations that when 
the potential E2 at the junction 10 increases “(1” times, 
the reference potential E1 at the junction 18 also in 
creases "a” times. This means that the current detecting 
apparatus in this semiconductor device is free from 
temperature characteristics, permitting the comparator 
8 to operate under preset conditions irrespective of the 
possible production errors or temperature changes in 
the semiconductor device. Therefore, such production 
errors or temperature changes will not affect the accu 
racy of the resistance r1 of the sampling resistor 5. Ac 
cordingly, overcurrents in the output circuit 1 may be 
accurately detected. 

It is to be understood that the present invention is not 
limited to the above preferred embodiment but that it 
may be applied to any circuit on a semiconductor chip 
as long as the circuit serves as a sampling resistor to 
detect an overcurrent. It is also to be understood that 
partial modi?cations and variations may be made to the 
structure of the present invention without departing 
from its scope and spirit. Such modi?cations include: 

(1) While the output circuit 1 in the above embodi 
ment is designed to be of a multi-source, multi-gate type 
comprising a pair of power transistors 3 and 4, it may 
also be formed in a multi-source type circuit. 

(2) The above embodiment was applied to a semicon 
ductor device incorporating the output circuit 1 and the 
detecting circuit 2 on a chip. However, it may be 
adapted to a multi-chip device wherein a chip for the 
output circuit and a chip for the detector circuit are 
individually provided. For such an embodiment, it is 
important that the sampling resistor and ?rst reference 
resistor are provided in close proximity on the output 
circuit chip, and the detector resistor and second refer 
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ence resistors in close proximity on the detector circuit 
chip. 
What is claimed is: 
1. An overcurrent detecting apparatus comprising: 
a power element; 
a sampling resistor coupled to said power element for 

providing a sampling potential as a function of the 
current ?owing through said power element when 
current flows through said power element; 

a current supply circuit having ?rst and second cur 
rent outputs; 

a detector resistor coupled to said ?rst current output 
in series; 

a comparator circuit having a ?rst input coupled 
across said detector resistor and having a second 
input coupled across said sampling resistor; 

?rst and second reference resistors having with re 
spect to said sampling and detector resistors, re 
spectively, each a constant relative resistance ratio; 

said second reference resistor being coupled to said‘ 
second current output in series; 

a source of constant current coupled to said ?rst 
reference resistor in series; and 

means coupled to said ?rst reference resistor for cou 
pling the voltage drop across said ?rst reference 
resistor to said second reference resistor for vary 
ing the current through said second reference resis 
I01‘. 

2. An overcurrent detecting apparatus according to 
claim 1, wherein said sampling resistor and said ?rst 
reference resistor are disposed in close proximity to 
each other. 

3. An overcurrent detecting apparatus according to 
claim 1, wherein all of said components are embedded 
in a semiconductor chip. 

4. An overcurrent detecting apparatus according to 
claim 1, wherein said power element, said sampling 
resistor, and said ?rst reference resistor are formed on a 
?rst substrate while said remaining components are 
formed on a second substrate. 

5. An overcurrent detecting apparatus according to 
claim 1, wherein all of said components are formed on 
the same substrate. 

6. An overcurrent detecting apparatus comprising: 
a power element; 
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6 
a sampling resistor connected to said power element 

for providing a sampling potential as a function of 
the current flowing through said power element 
when current flows through said power element; 

a ?rst reference resistor having a resistance the mag 
nitude of which is related to the resistance of said 
sampling resistor in a constant relative resistance 
ratio; 

a current source coupled to said ?rst reference resis 
tor for supplying current to the latter; 

a detector resistor for providing a reference potential; 
a second reference resistor having a resistance the 
magnitude of which is related to the resistance of 
said detector resistor in a constant relative resis 
tance ratio; 

a ?rst current circuit interconnected therewith for 
connecting said detector resistor to said second 
reference resistor; 

a second current circuit interconnected therewith for 
connecting said ?rst reference resistor with said 
second reference resistor; 

said ?rst and second current circuits and said ?rst and 
second reference resistors being connected be 
tween said current source and said detector resistor 
for causing said detector resistor to provide said 
reference potential as a function of the current 
flowing through said first reference resistor; and 

a comparator coupled to a junction between said 
power element and said sampling resistor and to a 
junction between said ?rst current circuit and said 
detector resistor for comparing said sampling po~ 
tential with said reference potential to detect the 
presence of an overcurrent condition in said power 
element. 

7. An overcurrent detecting apparatus according to 
claim 6, wherein all of said components are embedded 
in a semiconductor chip. 

8. An overcurrent detecting apparatus according to 
claim 6, wherein said power element, said sampling 
resistor, and said ?rst reference resistor are formed on a 
?rst substrate while said remaining components are 
formed on a second substrate. 

9. An overcurrent detecting apparatus according to 
claim 6, wherein all of said components are formed on 
the same substrate. 
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